Abstract. In this paper, a novel decision-making trial and evaluation laboratory (DEMATEL) theory with a shrinkage coefficient of indirect relation matrix is proposed, and a useful validity index, called Liu's validity index, is also proposed for evaluating the performance of any DEMATEL model. If the shrinkage coefficient of an indirect relation matrix is equal to 1, then this new theory is identical to the traditional theory; in other words, it is a generalization of the traditional theory. Furthermore, the indirect relation is always considerably greater than the direct one in traditional DEMATEL theory, which is unreasonable and unfair because it overemphasizes the influence of the indirect relation. We prove in this paper that if the shrinkage coefficient is equal to 0.5, then the indirect relation is less than its direct relation. Because the shrinkage coefficient belongs to [0.5, 1], according to Liu's validity index, we can find a more appropriate shrinkage coefficient to obtain a more efficient DEMATEL method. Some crucial properties of this new theory are discussed, and a simple example is provided to illustrate the advantages of the proposed theory.
Introduction
A decision-making trial and evaluation laboratory (DEMATEL) was developed by Gabus and Fontela [1] and Fontela and Gabus [2] for resolving complex and difficult problems. To date, DEMATEL has been widely used as one of the most effective tools for solving cause-effect relationships among evaluation factors [3] [4] [5] [6] [7] [8] [9] [10] , but the indirect relation of a DEMATEL model is always markedly greater than its direct relation, which is unreasonable and unfair because it overemphasizes the influence of the indirect relation. In this paper, to overcome this drawback, we propose an external shrinkage coefficient for constructing a reduced indirect relation matrix, such that the new indirect relation matrix is less than its direct relation matrix, and for evaluating the performance of any DEMATEL model. We also propose a useful validity index, called Liu's validity index, for evaluating the performance of any DEMATEL model. Subsequently, a generalized DEMATEL is derived and shown to be more useful and effective than previous DEMATEL models.
Traditional DEMATEL model
The procedure of the traditional DEMATEL method is briefly introduced as follows:
Step 1: Calculate the initial direct relation matrix Q If n factors are asked by N experts to evaluate the degree of direct influence between two factors through pair-wise comparison, then the degree to which expert e perceives factor i as affecting factor j is expressed as 
and we can obtain their average direct relation matrix, which is called the initial direct relation matrix Q;
Step 2: Calculate the direct relation matrix A 
Step 3: Calculate the indirect relation matrix B and the total relation matrix T On the basis of Markov chain theory, we have lim 0
Step 4: Calculate the relation degree and prominence degree of each factor 1 1 , , 1, 2,...,
Where i r indicates the total dispatch of both direct and indirect effects that factor i has on the other factors, and i c indicates the total direct and indirect effects that factor i has on the other factors. Step 5: Set the threshold value (α) To eliminate some minor effect elements in matrix T to derive the impact-relations map, Ou Yang et al. [4] suggested the following threshold value:
Li and Tzeng [5] suggested a more informative threshold value, M D , on the basis of their maximum mean de-entropy algorithm.
Step 6: Build a cause-effect relationship diagram If
, then factor i is a net dispatch node of factor j, and factor j is a net receive node of factor i, which is expressed as , , , , ,
The graph of 
Critical properties of the generalized DEMATEL model
In this paper, we consider the critical properties of the traditional DEMATEL model to derive a more effective DEMATEL model, and then propose a generalized DEMATEL model. The critical properties of the generalized DEMATEL model are briefly described as follows. Theorem 1. Critical properties of the generalized DEMATEL model If
where 
Method of the generalized DEMATEL model
Because the indirect relation of a traditional DEMATEL model is always markedly greater than its direct relation, it overemphasizes the influence of the indirect relation. To overcome this drawback, given the aforementioned properties, an external shrinkage coefficient, d, is provided for constructing a reduced indirect relation matrix, and a useful validity index, called Liu's validity index, is also proposed for evaluating the performance of any DEMATEL model. Subsequently, a generalized DEMATEL model is derived and shown to be more useful and effective than previous DEMATEL models.
, then factor i is a net dispatch node of factor j, and factor j is a net receive node of factor i , which can be expressed as , , 
where
Note that Liu's validity index can also be used for comparing the performance of any two DEMATEL models. 
then we can obtain the following indirect relation matrix: 
where ^`^1
This indicates that the DEMATEL model overemphasizes the influence of the indirect relation.
Subsequently, we can obtain the total relation matrix, 4 Formula (29) shows that the indirect relation is already less than its direct relation; we can then obtain its total relation matrix and relation-prominence matrix, respectively, as follows: 
Conclusion
In this paper, we show that the indirect relation is always considerably greater than the direct relation in traditional DEMATEL theory; consequently, it overemphasizes the influence of the indirect relation. Additionally, a novel DEMATEL theory with a shrinkage coefficient of an indirect relation matrix is proposed, and a useful validity index, called Liu's validity index, is also proposed for evaluating the performance of any DEMATEL model. We prove that for any DEMATEL model, if the shrinkage coefficient is equal to 0.5, then the indirect relation is less than its direct relation, and because the shrinkage coefficient belongs to [0.5, 1], according to Liu's validity index, we can determine a more appropriate shrinkage coefficient to obtain a more effective DEMATEL method. Some crucial properties of this new theory are discussed, and a simple example is provided in this paper to illustrate the advantages of the proposed theory.
